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Why Heavy Flavor?

® electrons from decay of heavy «

PHENIX, PRL 98 172301 (2007)

. oc ) E_ (a) 0-10% central — = Armesto et al. (I)
mesons are modified by the =~ : e
L 141 [ ] vanHeesetal. (ll)
matter in heavy ion collisions .-l - J3darn Moores
PR 12/(2T) Teaney (lll)
1 1: [
® yields are suppressed osf
o.sf—
® V2HF > O o.4f— 5
= ¢
. . o2— . o TTHean iR LS P
® heavy quarks interact with ~ _EUNERTRE 0 TR
0 1 2 3 4 5 6 7 8 9
the matter (almost as much e e
I % E Mg Y + Run-4 E
as light quarks) ¢ o PHENIX Precumary :
w I minimum-bias +Run'7 E
2 0.1 B_ﬂ/—-.. I 7
E P : .
= 0.05— #ﬁlﬁ@:ﬁ . ’H—E% -
of /.i-_; M
R S s
10 0.5 1 1.5 2 2.5 3 3.5 4 p:l[.gewc]S
Anne Sickles  BNL  February 6,2009 Winter Workshop 2



Why Heavy Flavor?

® electrons from decay of heavy «

PHENIX, PRL 98 172301 (2007)

. oc . E_ (a) 0-10% central — — rmesto et al. ( ) _E

mesons are modified by the = ' prmestost a8 =

. ) o 145 [ ] vanHees etal. (Il) .

matter in heavy ion collisions el - J e Moore E

S 12/(27T) Teaney (Il) ._l

® yields are suppressed ol E

o.sf— —f

o v,iF>0 ol alE

O.Zf— _____ %) f

® heavy quarks interact with I A CLroot e SOTUOTIDIUNNS. W SOTII:

0 1 2 3 4 5 6 7 8 9

the matter (almost as much T
I % E Mg Y + Run-4 E
as light quarks) ¢ o PHENIX Precumary :
w I minimum-bias + Run-7 E
two particle correlations P B,Mfa‘:ié\'\- i
can provide information | N
about how the heavy quarks | i
interact with the matter! o e G Gonsy
10 0.5 1 1.5 2 2.5 3 3.5 4 p:l[.gewc]S

Anne Sickles  BNL  February 6,2009 Winter Workshop 2



Light Jet Modifications
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Heavy Flavor Correlations

energy loss (where does the lost energy go!?)
® light quarks/gluons, charm, & bottom
recombination/coalescence (Oh et al 0901.1382)

® evidence for significant light baryons & meson
production via recombination

in medium formation/dissociation (Adil & Vitev PLB
649 139 (2007))

jet medium interactions: ridge, shoulder

® heavy flavor correlations offer a good test of
ridge & shoulder models
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Heavy Flavor via Semi-leptonic decays

Decay

Branching Ratio

Do e+X

16.0%

D%— e+ X

6.5%

® single particles: measure e* from D, B decay

® hadronic decays: large backgrounds

problem: how do you know if e* came
from charm or bottom?
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charm & bottom: theory

Single electrons from heavy flavor

do/d*p,dy (ub/GeV?)
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knowledge of relative c¢/b contributions crucial for
understanding HF modifications in Au+Au collisions
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what can experiment say?

idea: D—eKyv, reconstruct eK invariant mass

® heavy meson decay: e & K
nave opposite signs

N

N like

unlike ~

‘ N

® like sign pairs approximate tag

the background

&

e — hT pair

N — h¥ pair
|

1.9GeV Invariant mass

® use simulations to get
tagging efficiency for c & b
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tagging efficiency

tagging efficiency
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compare data to simulation, extract bottom contribution
main uncertainty: production ratios (D*/D?, etc)
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relative b—e contribution vs pTe
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significant bottom contributions
good agreement with FONLL
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Heavy Quark
Fragmentation



Light Quark Fragmentation

® fragmentation functions from
e*e” collisions

® most particles carry small
fraction of jet energy

1/0,,, do/dx x c(Vs)
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X
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what about heavy quark jets!?

¢~ D fragmentation b— B fragmentation
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...and the rest of jet energy!
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c,b — hadrons softer than q, g jets

de Florian et al PRD 76 074033 (2007)
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big question: is HF fragmentation modified in HI?

® in AutAu we want to study how heavy quark jets are
modified by the matter

® near side: extra momentum from energy loss! the ridge!

® away side: shoulder structure! energy loss (& how does
that compare to Ydir-h and 119-h?)

® observable: eqr-h correlations as a function of pte & pth

® expectations: p+p measurements are an essential baseline
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two types of electrons

Heavy Flavor

Photonic Electrons
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separating the correlations
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ephot-h correlations
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ephot-h correlations (ll)

® map between ephot(PT) & Yinc(pPT)

® conversions: use measured Y spectra & t 3.0<pr..<3.5GeV/c
PHENIX GEANT implementation w/ 3 s ’

real data cuts 0.45_ j[

® Dalitz decays: use T spectra & get Y* o

(pT) from e*e” in decay N3

® both methods give similar results:

dominated by ephot(pT) ~ Yinc(PT) 0.1; L

0IIII|IIII

o 110 & Y spectra fall very steeply

Yﬂphgt—h th Z wi pT:j YT_'}L(pT?j)
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einc-h correlations
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adding ephot-h ...
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heavy flavor correlations
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near side widths

PHENIX PRELIMINARY, Run 5 & 6 p+p\'s = 200GeV
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near side widths

PHENIX PRELIM

INARY, Run 5 & 6 p+p\ls = 200GeV
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OHF > Ophot: D/B decay kinematics
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near side widths

near side o, Gaussian fit (rad)

near side o, Gaussian fit (rad)

PHENIX PRELIMINARY Run 5 & 6 p+p\r 200GeV

0-5_""|' | | T T | L L B
E| E
n Tr 9 ]
oaf- Aé T i EIL i ;
T o PR § 5
03— - o ]
S 0 J> é T ’ i ? .
02f- + O o =
» T ® .
01 i 3
- 1.5< p, < 2.0GeV/c T+ 2.0< P, < 3.0GeV/c .
0.6
- ® ¢, h Run58&6 + :
0'5:_ A e Run3 + B
0aF- g5 PYTHIA, charm T+ I [ B
- |5 ! O ey RUNS&E T $ l :
03f IR + -
TN f e E
o2~ R T .
n A T ]
o l + | =
- 3.0< P, < 4.0GeV/c T+ 4.0< p, < 4.5GeV/c .
0_ | L A IR ST N (R SO NS SRS NS B T B | PR R N T SRR S T SR N R
’ 1 ’ ’ ) Prp (GeV/c) 1 * ’ ) Prp (GeV/c)

OHF > Ophot: D/B decay kinematics

good agreement with PYTHIA (charm production)
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conditional yields
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charm production subprocesses
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Vitev et al PRD 74 054010 (2006)
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comparison to light jets
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comparison to light jets
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comparison to light jets

negative slopes
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conclusions & outlook

HF correlations provide a new tool to study
passage of fast parton through matter

® ¢/b ratio in p+p consistent with FONLL

® this ratio crucial to understanding et results in Aut+Au
® enr-h conditional yields in p+p measured

® method established to extract HF correlations

® useful for testing charm fragmentation into hadrons

® baseline for AutAu results, being analyzed now
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D/B in medium formation

® D/B form & dissociate in
the matter:

MNo nuclear effect

1 0.5(e’+e’), QGP dissociation & = 2-3
@ PHENIX 0.5(e"+e), 0-10% Au+Au
B STARO0.5(e’+e’), 0-5% Au+Au
® STARO0.5(e'+e), 0-12% Au+Au

0.8 —
° _
Tform X pPT T *-%
50.6— ¢ -
® Tirmb(10GeV/c)=1.6fm/c* +\~ A ¢!
041 Wbl || -
® Tiorme(10GeV/c)=0.4fm/c ~ﬁ~+‘#_++
0.2F -
® expect to see extra Central AusAu +
hadrons on the near side % 2 | [(é V]' 510 12
P e
from the D & B energy loss '
Adil & Vitev PLB649 139 (2007)
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Double Peak Structure

(b) w 3-4x2-3GeVic
—-e— Au + Au 0-20%

0.04

0.02

PHENIX, PRC 78 014901 (2008), Noronha et al. arXiv:0807.1038, Neufeld arXiv:0807.2996
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Double Peak Structure

Ne(X,, X, Vg (v=0.9, A=5.5)
AR
4 + + $ + + + t 4 + + t 10-.{ \r\gi;;;gz/;:/;’i‘f\i;;/
- N 0! AN A SR
0.04(b) 34x 2-3GeVie RN
L e DL s e
: — Au + Au 0-20% - T ool NG ol DT
= SN\ ey e
S N
0.02 24 o %
O _. 13
10 -5 0 2
X=z-vt (1/nT,)
0‘ = : : & r : : . . I :
0 2 4 AdS/CFT: Correlations from Neck region

PHENIX, PRC 78 014901 (2008), Noronha et al. arXiv:0807.1038, Neufeld arXiv:0807.2996
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Double Peak Structure

i [ /‘//2/\///
0.04—(b) o 34x 230eVlc - L IR T 77
= N R R A4
—— Au + Au 0-20% - T oellAn NabA i -
;: 4. \Y’\\ /10 B
0.02 =
cl " X z-vt5(1lnT)
08
AdS/CFT: Correlations from Neck region
A(P (rad) Hydro: Mach Cone width & strength sensitive to /s
7 3 n 6

5 17 s 4

(z—ut) [fm]

2 4 6 -6 -4 -2 0 2 4 6
x [fm]

6 =% -2 0 2 4 6 “§ =8 =2 0§
x [fm] x [fm]

PHENIX, PRC 78 014901 (2008), Noronha et al. arXiv:0807.1038, Neufeld arXiv:0807.2996
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Double Peak Structure
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AdS/CFT: Correlations from Neck region
A(P (rad) Hydro: Mach Cone width & strength sensitive to /s
7 3 n 6

5 17 s 4

(z—ut) [fm]

6 -6 -4 =2 0 2 4 6 -6 -4 =2 0 2 4 6
x [fm]

—GI I—4I”—2I”0I | I2”
x [fm] x [fm]

Heavy quark correlations should help discriminate!

PHENIX, PRC 78 014901 (2008), Noronha et al. arXiv:0807.1038, Neufeld arXiv:0807.2996
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————e-K(No PID) reconstruction

£ 9000
a F : :
S 8000F- .| unlike pair
7000 like pair
e = electron Pt 2~3GeV/c
000 hadron Pt 0.4~5GeV/c
4000 |
30002—
zunni—
1000/
ﬂ_|F:|:||||| v by by v by v v by g 1
o5 1 15 2 25 3 35 4 45 5
m,, (GeVic?)
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